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Claims 

(1) Ink containing a pigment and a micro-emulsion in an aqueous medium, 
characterized in that the average particle diameter of said micro-emulsion is less than 
50nm 3 and that its content is within the range of 0.5 through 10wt% of the total ink 
weight. 

(2) Ink according to claim 1 which contains a water-soluble resin as a dispersant 
for said pigment. 

(3) Ink according to claim 2 in wherein the quantity of said water-soluble resin 
dissolved in said ink is less than 2wt%. 

(4) Ink according to claim 1 wherein said aqueous medium contains water and a 
water-soluble organic solvent. 

(5) Ink according to claim 4 wherein said water-soluble organic solvent contains 
poly alcohol and/or its alkyl ether, and aliphatic monohydric alcohol. 

(6) Ink according to claim 2 wherein the weight-average molecular weight of said 
water-soluble resin is in the range of 3 5 000 to 30,000. 

(7) An inkjet recording method which jets ink as a droplet from a small hole and 
performs recording by giving thermal energy to ink pursuant to a recording signal, 
characterized in that said ink contains a pigment and a micro-emulsion in an aqueous 
medium, and the average particle diameter of said micro-emulsion is less than 50nm, 
and its content is in the range of 0.5 through 10wt% of the total ink weight. 

(8) An inkjet recording method according to claim 7 wherein said ink contains a 
water-soluble resin as a dispersant for said pigment. 

(9) An inkjet recording method according to claim 7 wherein the quantity of said 
water-soluble resin dissolved in said ink is less than 2wt%. 




(1 0) An inkjet recording method according to claim 7 wherein said aqueous medium 
for said ink contains water and a water-soluble organic solvent 

(11) An inkjet recording method according to claim 10 wherein said water-soluble 
organic solvent contains polyalcohol and/or its alkyJ ether, and aliphatic monohydric 
alcohol. 

(12) An inkjet recording method according to claim 8 wherein the weight-average 
molecular weight of the water-soluble resin in said ink is in the range of 3,000 to 
30,000. 

Page 4, upper left column, line 5 to page 6, upper left column, line 14 of the description 

As for the micro-emulsion to be used for the present invention, so far as it is 
dispersed in the water and satisfies the above-mentioned capabilities, anything can be 
used for this purpose. From among the products available in the market, PB-300 (with 
average particle diameter of 23.1nm) and EAS-2 (with average particle diameter of 
22nm) (made by Kao Corporation) can be named. When the micro-emulsion is newly 
manufactured, a usable manufacturing method comprises the step of soap-free emulsion 
polymerization of a hydrophobic monomer and hydrophilic monomer using potassium 
persulfate, etc. as an initiator to obtain fine-grained copolymer dispersed in the aqueous 
medium; the hydrophobic monomer may include styrene, a-methyl styrene, methyl 
methacrylate, etc.; and the hydrophilic monomer may include styrene sulfonic acid, 
vinylbenzene sulfonic acid, vinyl toluene sulfonic acid, sulfoethylmetacrylate, 
2-acrylamide, 2-methyIpropane sulfonic acid, acrylic acid, methacrylic acid, itaconic 
acid, fumaric acid, acrylonitrile, acrylamide, 4-vinylpyridine, N, 
N-dimethylaminoethylmethacrylate, N,N-dimethyl aminoethylmethacrylate monoester 
of maleic acid, etc. 

The quantity of the micro-emulsion to be used for the present invention should 
be, preferably, in the range of 0.5 to 10% with respect to the total ink in terms of the 
weight ratio. If the added quantity is less than 0.5%, its abrasion-resistant effect is 
little, whereas if it is over 1 0%, such a problem may arise as creating a membrane when 
preserving ink. More preferably, it should be in the range of 1 % to 5%. 

It is possible to measure the average particle diameter of the micro-emulsion by 
a particle size distribution-measuring device, which is an application of a dynamic light 
scattering method using laser light. The amount of pigment to be used for the present 




invention should be 3 to 20wt% with respect to the total ink in terms of the weight ratio; 
more preferably, it should be used in the range of 3 to 12wt%. 

As pigment to be used for the present invention, all the known organic and 
inorganic pigments can be used. As an example, the following can be named; azo 
pigments such as azo lake, insoluble azo pigment, synthetic azo pigment, chelate azo 
pigment, etc.; polycyclic pigments such as phthalocyanine pigment, perylene and 
perylene pigment, anthraquinone pigment, quinacridon pigment, dioxadine pigment, 
thioindigo pigment, iso-indolinone pigment, quinophthaloni pigment, etc.; dyestuff 
lakes such as basic dye lake, acid dye lake, etc.; organic pigments such as nitro pigment, 
nitroso pigment, aniline black, daylight fluorescent pigment, etc.; and inorganic 
pigments such as titanium oxide, various types of iron oxides, various types of carbon 
black. In addition, those dispersible in an aqueous solution can be used even if they 
are not listed in a color index. 

As water-soluble resin for use in a dispersing pigment (dispersing resin) for the 
present invention, one whose weight average molecular weight is 3,000 to 30,000 is 
preferable in the light of dispersion stability conservation and low ink viscosity. 
Furthermore, more preferably, anything that lies in the range of 5,000 to 15,000 is 
usable, no matter what it may be, and the following can be named: styrene-acrylic 
copolymer, styrene-acrylic acid-alkyl ester copolymer, styrene-maleic copolymer, 
styrene-maleic acid-alkyl ester copolymer, styrene-methacrylic acid copolymer, 
styrene-methacrylic acid-acrylic acid-alkyl ester copolymer, styrene-maleic acid half 
ester copolymer, vinyl naphthalene-acrylic acid copolymer, vinyl naphthalene-maleic 
acid copolymer, or salts thereof 

As a method of measuring the weight-average molecular weight of water-soluble 
resin, there are various methods available, but a common method is to measure by GPC 
(gel permeation chromatography), etc. The water-soluble resin should be contained 
0.1 to 5wt% with respect to the total ink, and more preferably, in the range of 0.3 to 
2wt%. 

As for the ink according to the present invention, the whole ink is, preferably, 
regulated in neutrality or alkalinity, which would improve the solubility of the above 
water-soluble resin, making it a recording fluid better fit for long time preservation. In 
this case, however, this may cause various parts used on the ink jet printer to corrode, 
and thus, it is preferable to be in the range of 7 to lOpH. 

As an example of pH regulator, the following can be named: various kinds of 
organic amines such as diethanolamine, triethanolamine, etc.; inorganic alkali 
preparations of alkali metal hydroxides such as sodium hydroxide, lithium hydroxide, 
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potassium hydroxide, etc.; organic acids; and mineral acids. As above, pigment and 
water-soluble resin are dispersed or dissolved in the aqueous medium. 

Optimal aqueous media for the ink according to the present invention is a mixed 
solvent of water and water-soluble organic solvent, and the water to be used for this 
case is not ordinary water that comprises various ions, but, preferably, ion exchanged 
water (unionized water). 

As an example of water-soluble solvent to be mixed with water, the following 
can be named: alkylalcohols with carbon numbers 1 - 4 such as methyl alcohol, ethyl 
alcohol, n-propyl alcohol, isopropyl alcohol, n-butyl alcohol, sec-butyl alcohol, 
tert-butyl alcohol, isobutyl alcohol, etc.; amides such as dimethylformamide, 
dimethylacetamide, etc.; ketones or ketonic alcohols such as acetone, diacetone alcohol, 
etc.; ethers such as tetrahydrofiiran, dioxane, etc.; polyalkylene glycols such as 
polyetyrene glycol, polypropylene glycol, etc.; alkylene glycols containing two through 
six carbon atoms in alkylene groups, such as ethylene glycol, propylene glycol, butylene 
glycol, Methylene glycol, 1,2,6-hexane triol, thiodiglycol, hexylene glycol, diethylene 
glycol, etc.; glycerin; a lower alkyl ethers of polyalcohol, such as ethylene glycol 
monomethyl (or ethyl) ether, diethylene glycol methyl (or ethyl) ether, triethylene 
glycol monomethyl (ethyl) ether, etc.; and N-methyl-2-pyrrolidone, 
l,3-dimetliyl-2-imidazolydinon, etc. Of these many water-soluble solvents, 
polyalcohols such as diethylene glycol or lower alkyl ethers of polyalcohol such as 
triethylene glycol monomethyl (or ethyl) ether are preferable. 

Of such many water-soluble organic solvents, the organic amine water is 
contained in the ink of the present invention as an essential element, preferably, in the 
range of 0.001 to 10wt% with respect to the total ink. 

Besides, the above-mentioned water-soluble organic solvents other than the 
organic amines can be fitly chosen as requested, and can be contained so much as 
adequate, but among others, such poalcohols as diethylene glycol, and lower alkyl 
ethers of such polyalcohols as triethylene glycol monomethyl (or ethyl) ether, etc. are 
most preferable. Furthermore, to prevent ink coagulating at the tip of the nozzle when 
ink is used or the head is stored, it is preferable to keep the content of the polyalcohol to 
more than 10% of the total ink. Further, to secure the jetting stability, it has been 
proved effective to add more than 3wt% of aliphatic univalent alcohol such as ethanol, 
or isopropyl. It is conceivable that the reason is that adding those solvents allows ink 
to foam in a more stable manner on a thin-film resistive element. However, excessive 
addition of these solvents would disadvantageous^ result in impaired print quality, and 
thus more pertinent concentration of these solvents is 3 to 10wt%. And the effect of 
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these solvents is to suppress a generation of foams by adding these solvents to a 
dispersant at the time of dispersion, thereby making it possible to perform effective 
dispersion. 

The content of the water-soluble organic solvents in the ink according to the 
present invention ranges from 10 to 50wt% with respect to the total ink, or more 
preferably, from 10 to 40wt%, and water to be used ranges from 10 to 90wt%; more 
preferably, from 30 to 90wt%. 

Surface-active agents, antifoaming agents, antiseptic agents, etc. can be added to 
the ink of the present invention so that it may have desirable properties so much as 
requested besides said elements, and further, water-soluble dyestuff available in the 
market, etc. can be added. 

As a surface-active agent, there are anionic surface-active agent such as fatty 
acid salts, higher alcohol sulfates, liquid fatty oil sulfate salts, alkylallyl sulfonates, etc., 
and nonionic surface-active agent such as polyoxyethylene alkyl ethers, 
polyoxy ethylene alkyl esters, polyoxyethylene sorbitan alkyl esters, etc., from which 
one or more can be fitly selected for use. Quantity to be used, which depends on 
dispersant, is preferable to range 0.01 to 5wt% of the total ink. In this case, it is 
desirable to determine the amount of an active agent to be added so that surface tension 
of the ink may become equal to or more than 30dyne/cm. Because an indication of a 
smaller value in the ink surface tension may cause undesirable conditions such as print 
kinks (displacement of a jetted ink droplet) due to a wet nozzle tip according to the 
recording method of the present invention. 

Page 8, lower right coliimn. line 1 to page 10, lower right column of the description 
[Example] 

Next, a specific description will be given of the present invention by taking 
examples. 
Example 1 

(Preparation of a pigment dispersion liquid) 

Styrene-acrylic acid-ethyl acrylate copolymer 5 parts 

(Acid value: 153; average molecular weight: 10,000) 
Monoethanolamine 1.5 parts 

Ion exchanged water 58.5 parts 

Ethylene glycol 5 parts 
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The above components were mixed, heated to 70°C in a water bath, so that its 
resin content was completely dissolved out. In that event, low concentration of the 
resin to be dissolved would lead to imperfect dissolution, and therefore when the resin is 
dissolved, high-concentration solution was prepared beforehand and then diluted to 
prepare a desired resin solution. 15 parts of carbon black (MCF-88, Mitsubishi 
Chemical Corporation), 5 parts of ethanol were added to this solution, premixed for 
thirteen minutes, and then dispersed under the following conditions: 

Disperser 
Crushing medium 
Filling rate of crushing medium 
Crushing time 

Further, a centrifugal separation processing was carried out (at 12,000 RPM, 
for 20 minutes) to eliminate coarse particles, and dispersion liquid was prepared. 

(Preparation of ink) 

The above dispersion liquid 
Ethylene glycol 
Diethylene glycol 
Ethanol 
PB-300 

Ion exchanged water 

The above components were mixed, stirred for one hour, and ink (A) was 
obtained. 

Example 2 

(Preparation of a pigment dispersion liquid) 

Styrene-maleic acid half ester-maleic anhydride copolymer 
(Acid value: 205; average molecular weight: 7,000) 
Aminomethyl propanol 
Ion exchanged water 
Diethylene glycol 

The above components were mixed, heated to 70°C in a water bath, so that its 



Sand Grinder (made by Igarashi Kikai) 
Zirconium bead at diameter of 1 mm 
50 % (volume) 
3 hours 



50 parts 
8 parts 

1 0 parts 
4 parts 
1 part 

27 parts 



8 parts 

4 parts 
55 parts 

5 parts 
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resin content was completely dissolved out. 20 parts of carbon black (SB-6, made by 
Tegutsusa). 7 parts of ethanol were added to this solution, premixed for thirteen minutes, 
and then dispersed under the following conditions: 

Disperser Bar Mill (made by Ashizawa) 

Crushing medium Glass bead at diameter of 1 mm 

Filling rate of crushing medium 50 % (volume) 
Crushing speed 100 ml/min. 

Further, a centrifugal separation processing was carried out (at 12,000 RPM ? 
for 20 minutes) to eliminate coarse particles, and dispersion liquid was prepared. 

(Preparation of ink) 

The above dispersion liquid 30 parts 

PEG300 6 parts 

Ethylene glycol 10 parts 

Ethanol 5 parts 

PB-300 3-parts 

Ion exchanged water 46 parts 

The above components were mixed, stirred for one hour, and ink (B) was 
obtained. 

Example 3 

(Preparation of a pigment dispersion liquid) 

Styrene-acrylic acid-butyl acrylate copolymer 

(Acid value: 137; average molecular weight: 11,4(30) 6 parts 

Monoethanolamin 3 parts 

Ion exchanged water 66 parts 

Ethylene glycol 5 parts 

The above components were mixed, heated to 70°C in a water bath, so that its 
resin content was completely dissolved out. 15 parts of copper phthalocyanine blue 
(Heliogen Blue D6700T, made by BASF), 5 parts of ethanol were added to this solution, 
premixed for thirteen minutes, and then dispersed under the following conditions: 
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Disperser Sand Grinder (made by Igarashi Kikai) 

Crushing medium Zirconium bead at diameter of 1 mm 

Filling rate of crushing medium 50 % (volume) 
Crushing time 3 hours 

Further, a centrifugal separation processing was carried out (at 12,000 RPM, 
for 20 minutes) to eliminate coarse particles, and dispersion liquid was prepared. 

(Preparation of ink) 

The above dispersion liquid 35 parts 

Ethylene glycol 20 parts 

Ethanol 4 parts 

EAS-2 1 part 

Ion exchanged water 58 parts 

The above components were mixed, stirred for one hour, and ink (G) was 
obtained. 

Comparative example 1 

The same process as in Example 1 was carried out except for the use of E-55 
(made by Seiko Chemical Industries, Emulsion made of stylene acrylic acid copolymer, 
average particle diameter: 139 nm) in place of PB-300, and ink (D) was obtained. 

Comparative example 2 

The same process as in Example 2 was carried out except for the use of E-234 
(made by Seiko Chemical Industries, Emulsion made of stylene acrylic acid copolymer, 
average particle diameter: 88 nm) in place of PB-300, and ink (E) was obtained. 

Comparative example 3 

The same process as in Example 3 was carried out except for the content of 
PB-300 in the ink, which was changed to 12 parts, and ink (F) was obtained. 

Comparative example 4 

The same process as in Example 3 was carried out except for the content of 
PB-300 in the ink, which was changed to 0.2 parts, and ink (G) was obtained. 
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Using each ink as described above. . the following experiments were 
respectively carried out with a recording device having an on-demand type multi-head 
that jets ink by applying thermal energy corresponding to a recording signal. 

Moreover, an average particle diameter of micro-emulsion was measured by 
ELS-800 (Electrophoretic light scattering photometer, made by Otsuka Electronics Co., 
Ltd.) 

Tl : Drive condition and jetting stability 

The drive voltages were set at 25V and 30V, and printing was conducted under 
each condition with a frequency of 2KHz at room temperature. Occurrences of 
turbulence and chip of printing, and failure of jetting were observed, and the jetting 
stability was evaluated. 

A: ink jetted beautifully from its first character, and no failure of jetting, chip, 

nor turbulence of printing. 
B: ink jetted beautifully on part of characters, but on filled-in areas failure of 

jetting observed at a few points. 
C: outstanding turbulence of printing occurring from its first character, making 
the printed material illegible. 

T2: Abrasion resistance (fretting-proof) test of printed material 

Printing was conducted on NP-DK paper and XEROX4024 paper with BJ130 
printer (made by Canon Inc.), and the printed material was rubbed by an eraser (made 
by Lion Corporation, #501) at press pressure of 50g, reciprocating five times. The 
optical densities before and after the test were measured using Macbeth densitometer 
(RD918), and remainder rates were worked out. 

T3: Long-time ink preservation test 

The ink was preserved for four weeks at 40°C, and then a quantity of a 
precipitate deposited on the bottom of a preservation bottle was visually checked. 

A: no precipitate observed. 

B: a little precipitate on the bottom of the bottle, though practically 
insignificant. 

C: conspicuous generation of precipitate, while coating formed on the top 
surface of ink. 
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TO: Quantity of water-soluble resin dissolved. 

The resultant ink was centrifuged at 55,000 rpm for five hours with 
super-speed cooling centrifuge (made by Beckman Coulter, Inc.), the pigment parts and 
resin parts adsorbed on the pigment were precipitated, and then a certain quantity of 
supernatant liquid was collected, dried by a vacuum dryer (at 60°C for 24 hours), and 
solidified. The percentage of the resin's quantity per prepared ink was worked out as a 
remaining resin density. 

Table 1 shows the properties of the micro-emulsions used for these experiments. 
In addition, the result of evaluation is shown in table 2. As to evaluations shown in the 
table, results based on the above criteria are indicated for the jetting stability in Tl, 
remainder rates of reflection density on the printed material before and after the test for 
T2, and results of the visual observations for T3. 



Table 1 AVERAGE PARTICLE DIAMETER OF MICRO-EMULSION 



NAME 


AVERAGE PARTICLE DIAMETER (nm) 


PB-300 


23.1 


EAS-2 


22.0 


E-55 


139.0 


E-234 


88.0 



Table 2 RESULTS OF EVALUATION 



NAME OF 
INK 


Tl 


T2 


T3 


TO 


2KHz, 25V 


2KHz, 30V 


(A) 


A 


A 


85% 


B 


0.15% 


(B) 


A 


A 


80% 


B 


0.23% 


(Q 


A 


A 


87% 


B 


0.18% 


(D) 


C 


C 


IMMEASURABLE 


B 


0.15% 


(E) 


C 


C 


IMMEASURABLE 


B 


0.23% 


(F) 


A 


C 


UNMEASURABLE 


C 


0.18% 


(G) 


A 


A 


42% 1 


B 


0.18% 
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